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(57) A surface acoustic wave filter, has: 



a piezoelectric substrate; and 
at least two filter tracks having at least an input in- 
terdigital transducer electrode and an output inter- 
digital transducer electrode provided on said piezo- 
electric substrate, 

wherein the respective input interdigital transducer 
electrodes of said at least two filter tracks are 



brought "into connection in parallel; 
the respective output interdigital transducer elec- 
trodes of said at least two filter tracks are brought 
into connection in parallel, and 
overlapping widths of electrode fingers of said input 
interdigital transducer electrode and output inter- 
digital transducer electrode are different from each 
other for each of said at least two filter tracks. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to a surface 
acoustic wave filter and a communication apparatus us- 
ing this. 

2. Related Art of the Invention 

[0002] In recent years, progress in information com- 
munication field has given rise to increase in information 
amount to be transmitted. Accompanied thereby, a sur- 
face acoustic wave filter that is excellent in phase line- 
arity for a comparatively wide band range and within a 
passband, and conventionally, a surface acoustic wave 
filter of transversal type was suitable as such a surface 
acoustic wave filter . On the other hand, as well known, 
since a surface acoustic wave filter of transversal type 
gives rise to a large insertion loss, as technology to en- 
hance low insertion loss, a surface acoustic wave filter 
of transversal type with a unidirectional electrode being 
utilized is being expected and considered. 
[0003] A conventional surface acoustic wave filter of 
transversal type with a unidirectional electrode being uti- 
lized will be described below. 

[0004] FIG. 1 0(a) is a drawing showing a conventional 
surface acoustic wave filter of transversal type with a 
unidirectional electrode being utilized. Reference nu- 
meral 1 001 denotes a piezoelectric substrate, and a sur- 
face acoustic wave filter is constructed by forming an 
input and output interdigital transducer electrode (re- 
ferred to as IDT electrode hereinafter) on the piezoelec- 
tric substrate 1001 and disposing the input IDT elec- 
trode 1002 and the output IDT electrode 1003 at a pre- 
determined distance. The input IDT electrode 1002 as 
well as the output IDT electrode 1003 includes a first as 
well as a second unidirectional electrodes 1004 and 
1005 according to a prior art disclosed in the IEEE Ul- 
trasonics symposium, 1989, PP. 77-89. Incidentally the 
entire disclosure of above document are incorporated 
herein by reference in its entirely. 
[0005] FIG. 10(b) shows an enlarged view of the first 
unidirectional electrode 1004. As a basic construction, 
a basic unit is constructed by one A74-width electrode 
finger 1 004a with a quarter width of a wavelength X of 
a surface acoustic wave propagating on the piezoelec- 
tric substrate 1001 and two A/8-width electrode fingers 
1004b, totaling three electrode fingers. In addition, the 
second unidirectional electrode 1005 and the unidirec- 
tional electrode 1 004 are symmetrical. The unidirection- 
al electrode of such type is called EWC-SPUDT (Elec- 
trode Width Controlled Single-Phase Unidirectional 
Transducer), and has been conventionally used as tech- 
nology of lowering insertion loss. 

[0006] For the surface acoustic wave filter construct- 



ed as described above, frequency characteristics of a 
filter are determined by thinning out electrode fingers of 
the input IDT electrode 1002 and the output IDT elec- 
trode 1003 and giving various kinds of weighing. In the 
5 prior arts, thus, flat filter characteristics within the pass- 
band for a wide band range and attenuation amount that 
is steep in the vicinity of the passband are realized. 
[0007] In addition, in Japanese Patent Laid-Open No. 
2000-77974 specification, a surface acoustic wave filter 

10 having a first and a second channel on a piezoelectric 
substrate is disclosed. In FIG. 1 1 , a schematic construc- 
tion view of a surface acoustic wave filter having a first 
and a second channel according to a prior art is shown. 
The above described two-channel filter has two chan- 

15 nels of a first channel 1 1 02 and a second channel 1 1 03 
each having an input IDT electrode 1102a, 1102b and 
an output IDT electrode 1 1 03a, 1 1 03b provided on a pi- 
ezoelectric substrate 1101. Such a surface acoustic 
wave filter is constructed to have phase characteristics 

20 on the first channel 1 1 02 and the second channel 1 1 03 
of being in phase in the passband and in opposite phase 
each other the stopband. Incidentally the entire disclo- 
sure of above document are incorporated herein by ref- 
erence in its entirely. 

25 [0008] In recent years, enhancement in compactness 
and lightness on a portable terminal is progressed and 
accompanied thereby, enhancement in compactness of 
a surface acoustic wave filter is being demanded. How- 
ever, if a steep attenuation amount in the vicinity of a 

30 passband is tried to be given in the above described sur- 
face acoustic wave filter of transversal type as shown in 
FIG. 10, a sufficient weighting onto the input/output IDT 
electrode will become necessary to make the length IDT 
electrode longer, giving rise to a problem that enhance- 

35 ment in compactness is difficult. 

[0009] In addition, the surface acoustic wave of two- 
channel filter construction as shown in FIG. 11 has sharp 
band range characteristics and enables a compact sur- 
face acoustic wave filter to be provided, presenting, 

40 however, a problem that it lacks flatness within a pass- 
band. 

SUMMARY OF THE INVENTION 

45 [0010] Accordingly, the present invention has an ob- 
ject to provide a surface acoustic wave filter being com- 
pact, having wide passband and having steep attenua- 
tion characteristics in the vicinity of passband as well as 
aflat characteristics within the passband. To achieve the 

50 object mentioned above, a 1st invention of the present y 
invention (corresponding to claimsl ) is a surface acous- 
tic wave filter, comprising: 

sr 

a piezoelectric substrate; and 
55 at least two filter tracks having at least an input in- 
terdigital transducer electrode and an output inter- 
digital transducer electrode provided on said piezo- 
electric substrate, 
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wherein the respective input interdigital transduc- 
er electrodes of said at least two filter tracks are brought 
into connection in parallel; 

the respective output interdigital transducer elec- 
trodes of said at least two filter tracks are brought 
into connection in parallel, and 
overlapping widths of electrode fingers of said input 
interdigital transducer electrode and output inter- 
digital transducer electrode are different from each 
other for each of said at least two filter tracks. 

[0011] A 2nd invention of the present invention (cor- 
responding to claim 2) is the surface acoustic wave filter 
according to said 1st invention, 

wherein said filter tracks are two filter tracks of a 
first filter track and a second filter track, 

the input interdigital transducer electrodes of said 
first and second filter tracks are brought into con- 
nection in parallel, 

the output interdigital transducer electrodes of said 
first and second filter tracks are brought into con- 
nection in parallel, and 

overlapping width of the electrode f ingers of the said 
input interdigital transducer electrode and output in- 
terdigital transducer electrode in said first filter track 
and overlapping width of the electrode fingers of the 
said input interdigital transducer electrode and out- 
put interdigital transducer electrode in said second 
filter track are different from each other. 

[0012] A 3rd invention of the present invention (corre- 
sponding to claim 3) is the surface acoustic wave filter 
according to said 2nd invention, wherein said first filter 
track and said second filter track have different weight- 
ing functions. 

[0013] A 4th invention of the present invention (corre- 
sponding to claim 4) is the surface acoustic wave filter 
according to said 2nd or 3rd invention, wherein a phase 
relationship between said first filter track and said sec- 
ond filter track is substantially in-phase within a pass- 
band, and is substantially in opposite phase outside the 
passband, and center frequencies of said first and sec- 
ond filter tracks are substantially the same. 
[001 4] A 5th invention of the present invention (corre- 
sponding to claim 5) is the surface acoustic wave filter 
according to said 4th invention, wherein said first filter 
track has a transmission characteristic of having two 
peaks within the passband, said second filter track has 
a transmission characteristic of having one peak within 
the passband; and an amplitude characteristic of said 
first filter track and said second filter track is that fre- 
quencies of values lower by substantially 3dB than a val- 
ue of a maximum attenuation amount are substantially 
the same. 

[0015] A 6th invention of the present invention (corre- 
sponding to claim 6) is the surface acoustic wave filter 



according to said 5th invention, wherein with the over- 
lapping width of said first filter track being W1 and the 
overlapping width of said second filter track being W2, 
a relationship of 0.8<W1/W2<0.95 is fulfilled. 
5 [0016] A 7th invention of the present invention (corre- 
sponding to claim 7) is the surface acoustic wave filter 
according to any of said 1st to 6th inventions, wherein 
at least one of said input interdigital transducer elec- 
trode and/or output interdigital transducer electrode in- 
fo eludes a unidirectional electrode. 

[0017] An 8th invention of the present invention (cor- 
responding to claim 8) is the surface acoustic wave filter 
according to said 7th invention, wherein said unidirec- 
tional electrode includes two kinds, that is, a first unidi- 
15 rectional electrode to intensify surface acoustic waves 
in a predetermined direction and a second unidirectional 
electrode to intensify surface acoustic waves in the di- 
rection opposite to said predetermined direction. 
[0018] A 9th invention of the present invention (corre- 
20 sponding to claim 9) is the surface acoustic wave filter 
according to any of said 1st to 6th inventions, 
wherein parallel connection of said input interdigital 
transducer electrodes of said filter track is configured by 
connecting adjacent electrode fingers with each other, 
25 and 

parallel connection of said output interdigital 
transducer electrodes of said filter track is configured by 
connecting adjacent electrode fingers with each other. 
[0019] A 10th invention of the present invention (cor- 
30 responding to claim 1 0) is a surface acoustic wave filter, 
comprising: 

a piezoelectric substrate; and 
at least one filter track having an input interdigital 
35 transducer electrode and an output interdigital 
transducer electrode provided on said piezoelectric 
substrate, 

wherein said input interdigital transducer elec- 
40 trode and/or said output interdigital transducer electrode 
include a first unidirectional electrode to intensify sur- 
face acoustic waves in one direction and a second uni- 
directional electrode to intensify surface acoustic waves 
in the direction opposite to said one direction. 
45 [0020] An 11th invention of the present invention (cor- 
responding to claim 1 1 ) is the surface acoustic wave fil- 
ter according to said 10th invention, wherein said first 
and second unidirectional electrodes have four elec- 
trode fingers in one wavelength, 

50 

said four electrode fingers have two electrode finger 
pairs, and 

said electrode finger pairs have electrode fingers 
having different widths, and an electrode width ratio 
55 (L2/L1 ) between a width (L2) of thick electrode fin- 
ger and width (L1 ) of thin electrode finger is larger 
than 1 . 
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[0021] A 12th invention of the present invention (cor- 
responding to claim 12) is the surface acoustic wave fil- 
ter according to said 11th invention, wherein, in said 
electrode finger pair, 

5 

with a distance between said thin electrode finger 
and said thick electrode finger being y; 
with a distance between said thick electrode finger 
and the left end of a region covering said input in- 
terdigital transducer electrode and/or said output in- 10 
terdigital transducer electrode sectioned by a half- 
wavelength unit being a; and 
with a distance between said thin electrode finger 
and the right end of a region covering said input in- 
terdigital transducer electrode and/or said output in- 15 
terdigital transducer electrode sectioned by a half- 
wavelength unit being p, relationships of y> a + p 
and a < p are given. 

[0022] A 13th invention of the present invention (cor- 20 
responding to claim 1 3) is the surface acoustic wave fil- 
ter according to said 12th invention, wherein said elec- 
trode width ratio (L2/L1 ) in said electrode finger pair falls 
within a range of 1 .4<(L2/L1 )<3.6. 

[0023] A 14th invention of the present invention (cor- 25 
responding to claim 1 4) is the surface acoustic wave fil- 
ter according to said 11th invention, wherein positions 
of said thin electrode finger and said thick electrode fin- 
ger of said first unidirectional electrode are opposite 
from positions of said thin electrode finger and said thick 30 
electrode finger of said second unidirectional electrode. 
[0024] A 1 5th invention of the present invention (cor- 
responding to claim 1 5) is the surface acoustic wave fil- 
ter according to said 1st or 10th invention, wherein said 
piezoelectric substrate is 28° to 42° rotating Y cut quartz 35 
substrate. 

[0025] A 16th invention of the present invention (cor- 
responding to claim 16) is a communication apparatus, 
comprising: 

40 

the surface acoustic wave filter according to any of 
said 1st to 15th inventions; 

transmission means of carrying out transmission; 
and 

reception means of carrying out reception. 45 
BRIEF DESCRIPTION OF THE DRAWINGS 



[0026] 



FIG. 1 is a construction view of a surface acoustic 
wave filter of a first embodiment in the present in- 
vention; 

FIG. 2(a) is a graph showing amplitude character- 
istics of a first and a second filter tracks 102 in FIG. 
1; 

FIG. 2 (b) is a graph showing phase characteristics 
of a first and a second filter tracks 102 in FIG. 1 ; 
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FIG. 3 is a construction view of a surface acoustic 
wave filter of a second embodiment in the present 
invention; 

FIG. 4 is a drawing showing a region of unidirection- 
al electrodes constructing an input IDT electrode in 
FIG. 3; 

FIG. 5 is a construction view of a surface acoustic 
wave filter of a third embodiment in the present in- 
vention; 

FIG. 6 is a drawing showing a region of unidirection- 
al electrodes constructing an input IDT electrode in 
FIG. 5; 

FIG. 7 is a graph showing pass characteristics of 
the surface acoustic wave filter in FIG. 5; 
FIG. 8 is a graph showing relationship between 
W1/W2 and flatness; 

FIG. 9 is a construction view of a surface acoustic 
wave filter of another embodiment in the present in- 
vention; 

FIG. 10 (a) is a construction view of a conventional 
surface acoustic wave filter; 

FIG. 10(b) is an enlarged view of the first unidirec- 
tional electrode 1004; and 

FIG. 1 1 is a construction view of a surface acoustic 
wave filter having a conventional two-channel filter. 

Description of Symbols 

[0027] 101, 301, 501, 901, 1001 Piezoelectric sub- 
strate 

1 02, 302, 502, 902 First filter track 

103, 303, 503, 903 Second filter track 

104, 304, 504, 904 Input IDT electrode of first filter track 

105, 305, 505, 905 Output IDT electrode of first filter 
track 

106, 306, 506, 906 Input IDT electrode of second filter 
track 

1 07, 307, 507, 907 Output IDT electrode of second filter 
track 

201 Amplitude characteristics of a first filter track 

202 Amplitude characteristics of a second filter track 

203 Phase characteristics of a first filter track 

204 Phase characteristics of a second filter track 

401, 601 First region 

402, 602 Second region 

403, 603 Third region 

604 First electrode finger pair 

604a Thin electrode finger of a first electrode finger pair 
604 

604b Thick electrode finger of a first electrode finger pair 
604 

605 Second electrode finger pair 

605a Thin electrode finger of a second electrode finger 
pair 605 

605b Thick electrode finger of a second electrode finger 
pair 605 

606 Upside bus bar electrode 

607 Downside bus bar electrode 
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608 X/2 cell including first electrode finger pair 604 

609 7J2 cell including first electrode finger pair 605 
401 a, 402a, 403a X/4 width electrode finger 

401 b, 401c, 402b, 402c, 403b, 403c 7J8 width electrode 
finger 

1002 Input IDT electrode 

1003 Output IDT electrode 

1004 First unidirectional electrode 

1005 Second unidirectional electrode 

PREFERRED EMBODIMENTS OF THE INVENTION 

[0028] Embodiments of a surface acoustic wave filter 
of the present invention will be described below with ref- 
erence to the drawings. 

(First embodiment) 

[0029] FIG. 1 shows a surface acoustic wave filter of 
a first embodiment of the present invention. In FIG. 1 , 
reference numeral 101 denotes a piezoelectric sub- 
strate, and a first filter track 1 02 and a second filter track 
103 are constructed in parallel on the piezoelectric sub- 
strate 101. The first filter track 1 02 is constructed of an 
input IDT electrode 104 and an output IDT electrode 105 
being disposed at a predetermined distance. Likewise, 
a second filter track 103 is constructed of an input IDT 
electrode 106 and an output IDT electrode 107 being 
disposed at a predetermined distance. 
[0030] In the input IDT electrode 104, the electrode 
fingers on one side of the opposing electrode fingers are 
connected in common to a bus bar electrode 104a and 
the electrode fingers on the other side of the opposing 
electrode fingers are connected to a bus bar electrode 
104b. Moreover, in the output IDT electrode 105, the 
electrode fingers on one side of the opposing electrode 
fingers are connected in common to a bus bar electrode 
105a and the electrode fingers on the other side of the 
opposing electrode fingers are connected to a bus bar 
electrode 1 05b. 

[0031] Likewise, in the input IDT electrode 106, the 
electrode fingers on one side of the opposing electrode 
fingers are connected in common to a bus bar electrode 
106a and the electrode fingers on the other side of the 
opposing electrode fingers are connected to a bus bar 
electrode 106b. Moreover, in the output IDT electrode 
107, the electrode fingers on one side of the opposing 
electrode fingers are connected in common to a bus bar 
electrode 107a and the electrode fingers on the other 
side of the opposing electrode fingers are connected to 
a bus bar electrode 1 07b. 

[0032] In addition, the bus bar electrodes 104a and 
106a are connected to a common input line 108a while 
the bus bar electrodes 1 04b and 1 06b are connected to 
a common input line 108b. 

[0033] On the other hand, the bus bar electrodes 1 05a 
and 107a are connected to a common output line 109a 
while the bus bar electrodes 105b and 107b are con- 



nected to a common output line 109b. 
[0034] In addition , the input and output IDT elec- 
trodes 104, 105, 106 and 107 are constructed of unidi- 
rectional electrodes being included. That is, regions be- 

5 ing constructed of one X/4-width electrode finger with 
1/4-width and two Ay8-width electrode fingers totaling 3 
electrode fingers when the input and output IDT elec- 
trodes 1 04, 1 05, 1 06 and 1 07 are sectioned with a wave- 
length X of a surface acoustic wave are provided. Here, 

10 the input IDT electrodes 104 and 106 are constructed 
to have directionality in the right direction and the output 
IDT electrodes 1 05 and 1 07 are constructed to have di- 
rectionality in the left direction. 

[0035] Moreover, the first and the second filter tracks 
15 102 and 103 are provided with respectively different 
weighting. 

[0036] In addition, the center frequencies of the first 
and the second filter tracks 1 02 and 1 03 are practically 
in accord. Moreover, the input IDT electrode 104 of the 

20 first filter track 102 and the input IDT electrode 106 of 
the second filter track 103 are brought into connection 
in parallel. Likewise, the output IDT electrode 105 of the 
second filter track 1 03 and the output IDT electrode 1 07 
of the second filter track 1 03 are brought into connection 

25 in parallel. Moreover, an overlapping width W1 of the 
first filter track 102 and an overlapping width W2 of the 
second filter track 103 are constructed of different sizes. 
Here, an overlapping width refers to a length of overlap 
of electrode fingers activating surface acoustic waves 

30 in an IDT electrode. 

[0037] With respect to a surface acoustic wave filter 
being constructed as described above, operation there- 
of will be described below. 

[0038] FIG. 2(a) shows an amplitude characteristic 

35 201 of the first filter track 1 02 and an amplitude charac- 
teristic 202 of the second filter track 103 in FIG. 1 while 
FIG. 2 (b) shows a phase characteristic 203 of the first 
filter track 1 02 and a phase characteristic 204 of the sec- 
ond filter track 103 in FIG. 1 . 

40 [0039] In the present embodiment, the center fre- 
quencies of the first and the second filter tracks 1 02 and 
103 are substantially the same. Moreover, as for a pass- 
band, as shown in FIG. 2(a), the amplitude characteris- 
tic 201 of the first filter track 102 has two peaks, and a 

45 wide passband characteristic, but has a large insertion 
loss in the vicinity of the center frequency. 
[0040] On the other hand, the amplitude characteristic 
202 of the second filter track 103 has a peak in the vi- 
cinity of the center frequency has a low insertion loss, 

so but the passband is narrow. In addition, as shown in FIG. 
2 (b) , the phase difference in passband of the first filter 
track 102 and the second filter track 103 are approxi- 
mately 0°, that is, the phases are substantially the same. 
Incidentally, the words "the phases are substantially the 

55 same" quoted here refer to phase difference within a 
range of -50° to +50°, preferably -20° to +20°. 
[0041] On the other hand, as for outside the pass- 
band, as shown in FIG. 2(a), the amplitude characteris- 
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tic 201 of the first filter track 102 and the amplitude char- 
acteristic 202 of the second filter track 103 don't have 
spurious suppression outside the passband, but have 
substantially the same level of spurious. 
[0042] In addition, as shown in FIG. 2(b), the phase 
difference between the phase characteristic 203 of the 
first filter track 102 and the phase characteristic 204 of 
the second filter track 103 is substantially 180°, that is, 
the phases are opposite: Here, the phase difference of 
substantially 180° means a range of 130° to 230°, and 
preferably is supposed to phase difference of a range 
of 160° to 200°. 

[0043] Accordingly, in the present embodiment, spu- 
rious levels of the first filter track 102 and the second 
filter track 103 are approximately equal outside the 
passband, and the phases are substantially opposite, 
and therefore, the spuriousness between the first filter 
track 102 and the second filter track 103 cancel each 
other and as a result thereof, large attenuation is given. 
[0044] Moreover, in the present embodiment, the 
overlapping width W1 of the first filter track 102 and the 
overlapping width W2 of the second filter track 103 is 
set to different lengths, and thereby the amplitude char- 
acteristics of the first and the second filter tracks within 
the passband are adjusted, and frequencies of values 
lower by 3dB from the maximum attenuation amount of 
respective filter tracks can be approximately the same, 
thus making flat and wide passband realizable. 
[0045] As described above, according to a surface 
acoustic wave filter of the present embodiment, com- 
pared with the case where surface acoustic wave filters 
having equal filter characteristics are formed with prior 
arts, the input/output IDT electrode length can be re- 
duced, thereby enabling significant downsizing of a sur- 
face acoustic wave filter. 

[0046] Moreover, the surface acoustic wave filter of 
the present embodiment has a wide pass band, secures 
a steep attenuation amount outside the passband, and 
can realize flatness within the passband. 
[0047] In addition, the surface acoustic wave filter of 
the present embodiment has the first and the second 
filter tracks brought into connection in parallel, and 
therefore can keep the input/output impedance lower 
than that of the conventional surface acoustic wave fil- 
ter, and can take impedance matching with devices 
brought into connection with the previous stage and the 
poststage of the surface acoustic wave filter easier. 
Mounting the surface acoustic wave filter of the present 
invention onto a communication apparatus having 
transmission means and reception means can provide 
a communication apparatus with higher performance. 

(Second embodiment) 

[0048] FIG. 3 shows a surface acoustic wave filter of 
a second embodiment of the present invention . In FIG. 
3, reference numeral 301 denotes a piezoelectric sub- 
strate, and a first filter track 302 and a second filter track 



303 are constructed in parallel on the piezoelectric sub- 
strate 301 . The first filter track 302 is constructed of an 
input IDT electrode 304 and an output IDT electrode 305 
being disposed at a predetermined distance. Likewise, 
5 a second filter track 303 is constructed of an input IDT 
electrode 306 and an output IDT electrode 307 being 
disposed at a predetermined distance. 
[0049] Incidentally, a construction of bus bar elec- 
trodes are the same as that of first embodiment, and 
io detailed description is omitted. 

[0050] Here, the input/output IDT electrodes 304, 
305, 306 and 307 are formed by electrode construction 
called R-SPUDT. For this electrode construction, as in 
the first embodiment, regions being constructed of one 
15 A/4-width electrode finger with 1/4-width and two U 
8-width electrode fingers totaling 3 electrode fingers 
when the input and output IDT electrodes 304, 305, 306 
and 307 are sectioned with a wavelength A, of a surface 
acoustic wave are provided. 
20 [0051] A region of unidirectional electrode in con- 
struction of the input IDT electrode 304 in the present 
embodiment is shown in FIG. 4. The first region 401 is 
constructed of a ^/4-width electrode finger 401 a, a 7J 
8-width electrode finger 401b being provided in the 
same side as the Ay4-width electrode finger 401a, and 
a A/8-width electrode finger 401c being provided in the 
side facing the A/4-width electrode finger 401a. 
[0052] In addition, the second region 402 is construct- 
ed of a A/4-width electrode finger 402a, a X/8-width elec- 
trode finger 402b being provided in the same side as the 
A/4-width electrode finger 402a, and a A/8-width elec- 
trode finger 402c being provided in the side facing theA/ 
4-width electrode finger 402a. 

[0053] In addition, the third region 403 is constructed 
of a Ay4-width electrode finger 403a, a A/8-width elec- 
trode finger 403b being provided in the same side as the 
A/4-width electrode finger 403a, and a Ay8-width elec- 
trode finger 403c being provided in the side facing the 
A/4-width electrode finger 403a. 

[0054] In addition, in the drawing, arrows indicate di- 
rectionalities respectively of a first region 401 , a second 
region 402, a third region 403 and directionality of the 
entire IDT electrode. A rightward unidirectionalrty is giv- 
en to the first and the third regions 401 and 403 while 
an opposite unidirectionality, that is, in the leftward di- 
rection, is given to the second region 402. This takes 
place because in the region 401 and the region 403, the 
disposition of the A/4-width electrode finger and the dis- 
position of the A/8-width electrode finger are made sim- 
ilar, but the disposition of the A/4-width electrode finger 
402a and the A/8-width electrode finger 402 b in the re- 
gion 402 are opposite from the disposition of the 7J 
4-width electrode fingers 401a and 403a as well as the 
Ay8-width electrode fingers 401 b and 403b in the regions 
401 and 403. 

[0055] Moreover, the input IDT electrode 304 in its en- 
tirety is constructed to have the rightward directionality. 
The recursive SPUDT will be constructed to form reso- 
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nance cavity within the IDT electrode by giving a part of 
region the opposite directionality against the other re- 
gion within one IDT electrode. 

[0056] As for other input and output IDT electrodes 
305, 306 and 307, they are unidirectional with construc- 
tion similar to those as the above described input IDT 
electrode 304, butin respective filter tracks 302and303, 
directionality of the input IDT electrode 304 as well as 
the output IDT electrode 305 and the input IDT electrode 
306 as well as the output IDT electrode 307 is construct- 
ed to face each other. In addition, amplitude character- 
istics, phase characteristics and center frequency rela- 
tionship of the first and the second filter tracks 302 and 
303 are the same as those in the first embodiment. 
[0057] Moreover, in the present embodiment, the 
overlapping width W1 of the first filter track 302 and the 
overlapping width W2 of the second f ilter track 303 are 
set to different lengths, and thereby the amplitude char- 
acteristics of the first and the second filter tracks within 
the passband are adjusted, and frequencies of values 
lower by 3dB from the maximum attenuation amount of 
respective filter tracks can be constructed so as to be 
approximately the same, thereby making flat and wide 
passband realizable. 

[0058] As described above, according to the surface 
acoustic wave filter of the present embodiment, com- 
pared with the first embodiment, the IDT electrode 
length will be able to be made further shorter, and it will 
become possible to enhance compactness on sizes of 
a surface acoustic wave filter much more. Moreover, the 
surface acoustic wave filter of the present embodiment 
has a wide pass band, secures a steep attenuation 
amount outside the passband, and can realize flatness 
within the passband. 

[0059] In addition, the surface acoustic wave filter of 
the present embodiment has the first and the second 
filter tracks being brought into connection in parallel, and 
therefore can keep the input/output impedance lower 
than that of the conventional surface acoustic wave fil- 
ter, and can take impedance matching with devices 
brought into connection with the previous stage and the 
poststage of the surface acoustic wave filter easier. 
Mounting the surface acoustic wave filter of the present 
invention onto a communication apparatus having 
transmission means and reception means can provide 
a communication apparatus with higher performance. 

(Third embodiment) 

[0060] FIG. 5 shows a surface acoustic wave filter of 
a third embodiment of the present invention. The differ- 
ence between the present embodiment and the second 
embodiment is, as shown in FIG. 5, that the electrode 
finger per wavelength for the input as well as the output 
IDT electrodes 504, 505, 506 and 507 of the first and 
the second filter tracks 502 and 503 giving directionality 
is constructed of four pieces. For this, in the second em- 
bodiment, as shown in FIG. 4, directionality is given by 



three electrode fingers per wavelength. 
[0061] In addition, in the input IDT electrode 504, the 
electrode fingers on one side of the opposing electrode 
fingers are connected in common to a bus bar electrode 

5 504a and the electrode fingers on the other side of the 
opposing electrode fingers are connected to a bus bar 
electrode 504b. Moreover, in the output IDT electrode 
505, the electrode fingers on one side of the opposing 
electrode fingers are connected in common to a bus bar 

w electrode 505a and the electrode fingers on the other 
side of the opposing electrode fingers are connected to 
a bus bar electrode 505b. 

[0062] Likewise, in the input IDT electrode 506, the 
electrode fingers on one side of the opposing electrode 

15 fingers are connected in common to a bus bar electrode 
506a and the electrode fingers on the other side of the 
opposing electrode fingers are connected to a bus bar 
electrode 506b. Moreover, in the output IDT electrode 
507, the electrode fingers on one side of the opposing 

20 electrode fingers are connected in common to a bus bar 
electrode 507a and the electrode fingers on the other 
side of the opposing electrode fingers are connected to 
a bus bar electrode 507b. 

[0063] In addition, the bus bar electrodes 504a and 
25 506a are connected to a common input line 508a while 
the bus bar electrodes 504b and 506b are connected to 
a common input line 508b. 

[0064] On the other hand, the bus bar electrodes 505a 
and 507a are connected to a common output line 509a 

30 while the bus bar electrodes 505b and 507b are con- 
nected to a common output line 509b. 
[0065] A region of unidirectional electrode in con- 
struction of the input IDT electrode 504 in the present 
embodiment is shown in FIG. 6. In FIG. 6, solid arrows 

35 respectively indicate directionalities of respective re- 
gions of the first region 601 , the second region 602 and 
the third region 603, and an outline arrow indicates di- 
rectionality of the IDT electrode 504 in "its entirety. 
[0066] In FIG. 6, the first region 601 has, within a A,, 

40 two electrode finger pairs of a first electrode finger pair 
604 and a second electrode finger pair 605, and the first 
electrode finger pair 604 is constructed of a thin elec- 
trode finger 604a and a thick electrode finger 604b. In 
addition, the second electrode finger pair 605 is con- 

45 structed of a thin electrode finger 605a and a thick elec- 
trode finger 605b. 

[0067] The first electrode finger pair 604 is brought 
into connection with an upside bus bar electrode 606 
and the second electrode finger pair 605 is brought into 

50 connection with the downside bus bar electrode 607, 
and the first electrode finger pair 604 and the second 
electrode finger pair 605 are constructed to overlap with 
each other, and in this first region 601, the surface 
acoustic wave has directionality in the direction to head 

55 for the thick electrode finger from the thin electrode fin- 
ger, that is, the rightward directionality. 
[0068] In addition, the second region 602 has, within 
a X, has two electrode finger pairs of a first electrode 
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finger pair 61 0 and a second electrode finger pair 611, 
and the first electrode finger pair 610 is constructed of 
a thin electrode finger 61 Oa and a thick electrode finger 
610b. In addition, the second electrode finger pair 611 
is constructed of a thin electrode finger 61 1 a and a thick 
electrode finger 61 1 b. 

[0069] The first electrode finger pair 610 is brought 
into connection with an upside bus bar electrode 606 
and the second electrode finger pair 611 is brought into 
connection with the downside bus bar electrode 607, 
and the first electrode finger pair 604 and the second 
electrode finger pair 605 are constructed to overlap with - 
each other. 

[0070] That is, the second region 602 has a reversed 
construction of the first region 601 in terms of positions 
of the thin electrode and the thick electrode in the first 
as well as the second electrode finger pairs 604 and 
605, and in the second region 602, the surface acoustic 
wave has directionality in the direction to head for the 
thick electrode finger from the thin electrode finger, that 
is, the leftward directionality. 

[0071] In addition, the third region 603 is constructed 
similar to the first region 601. 

[0072] A rightward unidirectionality is given to the first 
and the third regions 601 and 603 while an opposite uni- 
directionality, that is, in the leftward direction, is given to 
the second region 602. This takes place because in the 
region 601 and the region 603, the disposition of the first 
and the second electrode fingers are made similar, but 
in the first and the second electrode finger pairs in the 
region 602 the positions of the thin electrode and the 
thick electrode are opposite from the regions 601 and 
603. 

[0073] Moreover, the input IDT electrode 604 in its en- 
tirety is constructed to have the rightward directionality. 
The recursive SPUDT will be constructed to form reso- 
nance cavity within the IDT electrode by giving a part of 
region the opposite directionality against the other re- 
gion within one IDT electrode. 

[0074] As for other input and output IDT electrodes 
505, 506 and 507, they are unidirectional with construc- 
tion similar to those as the above described input IDT 
electrode 504, but in respective filter tracks 502 and 503, 
directionality of the input IDT electrode 504 as well as 
the output IDT electrode 505 and the input IDT electrode 
506 as well as the output IDT electrode 507 is to face 
each other. 

[0075] Moreover, in FIG. 6, with electrode finger width 
of the thin electrode fingers 604a and 605a being L1 and 
with electrode finger width of the thick electrode finger 
604b and 605b being L2, characteristics of unidirection- 
al electrode depends on electrode width ratio L2/L1 be- 
ing a ratio of the width of thick electrode finger to the 
width of thin electrode finger. In the present embodi- 
ment, a change in this electrode width ratio serves to 
make directionality of the IDT electrode and excitation 
ratios of the surface acoustic wave controllable. At this 
time, L2/L1 shall be larger than 1 and preferably fall with- 



in a range of 1.4 to 3.6. Thus, optimizing L2/L1, it will 
become possible to control directionality and activation 
efficiency of surface acoustic wave and improve the in- 
sertion loss of the surface acoustic wave filter. 
5 [0076] Moreover, with the gap between the thin elec- 
trode finger 604a and the thick electrode finger 604b as 
well as the gap between the thin electrode finger 605a 
and the thick electrode finger 605b being y, with the gap 
between the thin electrode finger 604a and the left end 
io of the 7J2 region 608 including the first electrode finger 
pair 604 and the gap between the thin electrode finger 
605a and the left end of the X/2 cell 609 including the 
second electrode finger pair 605 being a in considera- 
tion of the X/2 region given by bisecting the first region 
15 601 in the propagating direction of the surface acoustic 
wave, and with the gap between the thick electrode fin- 
ger 604b and the right end of the X/2 cell 608 including 
the first electrode finger pair 604 and the gap between 
the thick electrode finger 605b and the right end of the 
20 A/2 cell 609 including the first electrode finger pair 605 
being p, y is larger than a + P and the relationship of a 
< P is fulfilled. Fulfilling a < p will give rise to excellent 
symmetry, enabling to make deviation within the pass- 
band small and make attenuation amount outside the 
25 passband large. 

[0077] Incidentally, the optimum values of a and p 
change corresponding with the electrode width ratio 
(L2/L1 ) and the film thickness ratio (h/A.), but with ybeing 
larger than a + p, the relationship a < p is the same ir- 
30 respective of the electrode width ratio (L2/L1) and the 
film thickness ratio (h/X). 

[0078] Moreover, in the present embodiment, the 
overlapping width W1 of the first filter track 602 and the 
overlapping width W2 of the second filter track 603 is 
35 set to different lengths, and thereby the amplitude char- 
acteristics of the first and the second filter tracks within 
the passband are adjusted, and frequencies of values 
lower by 3dB from the maximum attenuation amount of 
respective filter tracks are constructed to be approxi- 
40 mately the same, thereby making flat and wide pass- 
band realizable. 

[0079] FIG. 7 (a) is a graph showing the characteris- 
tics of the surface acoustic wave filter of the third em- 
bodiment shown in FIG. 5. The vertical axis has been 
45 standardized with the minimum insertion loss. Here, as 
a substrate, a 37° rotating Y cut quartz substrate is used. 
In addition, with the film thickness of the electrode being 
h, the film thickness ratio is hA,=1 .8%, and the electrode 
width ratio is set to L2/L1 =1 .75 being within the optimum 
50 range . In addition, with cc-0.757 x (A/16) and p=0.873 
x (V1 6) y is made larger than a + p and the relationship 
is made to fulfill oc<p. Moreover, as concerns overlap- 
ping widths, the overlapping width of the first filter track 
502 is set to W1=18X, and the overlapping width of the 
55 second filter track 503 is set to W2=20A. 

[0080] In addition, for the purpose of comparison, 
characteristics of surface acoustic wave filter with the 
overlapping width of the first and the second filter tracks 
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being made same (W1=W2=19A.) are shown in FIG. 8. 
Making the overlapping widths of the first filter track and 
the second filter track different from each other, it is un- 
derstood that the flatness within the band range has 
been improved from 0.4dB to 0.25dB. Moreover, it is un- 5 
derstood that the surface acoustic wave filter of the 
present embodiment has a wide passband and is excel- 
lent in attenuation characteristics in the vicinity of the 
passband. 

[0081] In addition, what is shown in FIG. 7 (c) is the 
filter characteristics in the case where the overlapping 
width of the first filter track 502 is set to W1 =1 6X and the 
overlapping width of the second filter track 503 is set to 
W2=22X. Also in this case, the flatness is improved to 
0.35dB, but the band range width of the filter is made 
thin. On the contrary, as shown in FIG. 7 (d) , in the case 
where the overlapping width of the first filter track 502 
is set to W1 =20*. and the overlapping width of the sec- 
ond filter track 503 is set to W2=18A,, the flatness is de- 
teriorated to 0.5dB. 

[0082] FIG. 8 is a graph showing the relationship be- 
tween the overlapping width of the first and the second 
tracks and flatness. The longitudinal axis is expressed 
with the ratio of W1/W2. With reference to FIG. 7 and 
FIG. 8, taking improvement in flatness and compression 
in band range width, the condition 0.8<W1/W2<0.95 is 
effective for improvement in flatness. 
[0083] In addition, in the above described embodi- 
ment, the first filter track 502 and the second filter track 
503 are brought into connection in parallel via the bus 
bar electrodes 504b and 506a in the input side and via 
the bus bar electrodes 505b and 507a in the output side. 
As shown in FIG. 9, however, if on the piezoelectric sub- 
strate 901 , for an input IDT electrode 904 of the first filter 
track 902 and an input IDT electrode 906 of the second 
filter track 903, and for an output IDT electrode 905 of 
the first filter track 902 and an output IDT electrode 907 
of the second filter track 903, the bus bar electrodes fac- 
ing each other between the first filter track 902 and the 
second filter track 903 are omitted and respective elec- 
trode fingers of the IDT electrodes are connected to 
each other, a similar effect can be provided. 
[0084] Moreover, the length in the direction of the 
overlapping width can be made shorter, and a further 
compact surface acoustic wave filter can be realized. 
[0085] In addition, in the construction example in FIG. 
9, the portion of resistant losses due to the bus bar elec- 
trode 504b, 506a, 505b and 507a as shown in FIG. 5 
will be reduced so that surface acoustic wave filter with 
lower insertion loss can be provided. This case as well 
is similar to that in FIG. 5 on the point that the overlap- 
ping width W1 of the first filter track 902 and the over- 
lapping width W2 of the second filter track 903 are set 
to different lengths, and quantity of the amplitude char- 
acteristics are adjusted, and flatness within the pass- 
band can be realized. 

[0086] Incidentally, in the case where the character- 
istics of the first filter track and the second filter track are 



opposite each other, the above described W1/W2 rela- 
tionships will become opposite likewise. 
[0087] As described above, according to the surface 
acoustic wave filter of the present embodiment, com- 
pared with the first embodiment, the IDT electrode 
length will be able to be made further shorter, and it will 
become possible to enhance compactness on sizes of 
a surface acoustic wave filter much more. Moreover, the 
surface acoustic wave filter of the present embodiment 
has a wide pass band, secures a steep attenuation 
amount outside the passband, and can realize flatness 
within the passband. 

[0088] In addition, the surface acoustic wave filter of 
the present embodiment can have an input/output im- 
pedance lower than that of the surface acoustic wave 
filter in which EWC-SPUDT described in the first and the 
second embodiments is used, and moreover, can take 
impedance matching with devices brought into connec- 
tion with the previous stage and the poststage of the sur- 
face acoustic wave filter much easier. Mounting the sur- 
face acoustic wave filter of the present invention onto a 
communication apparatus having transmission means 
and reception means can provide a communication ap- 
paratus with higher performance. 
[0089] Incidentally, the present embodiment has been 
described to be designed to have the overlapping width 
of the first filter track being shorter than the overlapping 
width of the second filter track, but this depends on pass 
characteristic of the filter in its entirety. That is, the size 
of the overlapping width of each track shall be deter- 
mined depending on transmitting characteristic of each 
track, and will not be limited to the size shown in the 
present embodiment, and the amplitude characteristics 
of the first and the second filter tracks within the pass- 
band are adjusted so that frequencies of values lower 
by 3dB from the maximum attenuation amount of re- 
spective filter tracks are made to be approximately the 
same, thereby making flat and wide passband realiza- 
ble, which effect is likewise. 

[0090] That is, the present embodiment has been de- 
scribed to give the relationship between a and p in terms 
of h/X being approximately 1 .8% as well as in terms of 
L2/L1=1 .75, but hA, may be another film thickness ratio 
or even if L2/L1 is other than 1.75, and preferably, if 
L2/L1 falls within the range of 1 .4 to 3.6 and if cc < P is 
fulfilled, an effect similar to that of the present invention 
is given. 

[0091] In addition, the present invention will not be 
limited hereto with respect to connection of the first and 
the second filter tracks, and if the first and the second 
filter tracks are brought into connection in parallel each 
other and the overlapping width of each filter track is 
different, quantity of the amplitude characteristics of the 
first and the second filter tracks within the passband are 
adjusted, and flatness within the passband can be real- 
ized, giving rise to an effect similar to that of the present 
invention. 

[0092] Incidentally, in the first to third embodiments, 
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the unidirectional electrode within the regions 401 , 403, 
601 and 603 are equivalent to the first unidirectional 
electrode of the present invention and the unidirectional 
electrode of the regions 402 and 602 are equivalent to 
the second unidirectional electrode of the present inven- 5 
tion. However, the first unidirectional electrode of the 
present invention may be realized as a unidirectional 
electrode of the regions 402 and 602. At this time, the 
second unidirectional electrode of the present invention 
is realized as the unidirectional electrode within the re- 10 
gions 401 , 403, 601 and 603. 

[0093] Incidentally, the first to third embodiments 
were described by involving a unidirectional electrode 
for the IDT electrodes constructing the first and the sec- 
ond filter tracks, but beside this, a construction in com- 
bination of bilateral electrodes with A/8 electrode width 
or bilateral electrodes with A/4 electrode width in general 
use conventionally may be used so as to give rise to a 
similar effect in terms of low insertion loss. 
[0094] Incidentally, such a combination will not be lim- 
ited hereto, but shall be determined with a weighting 
function for giving desired filter characteristics. In addi- 
tion, in the present embodiment, disposition of the uni- 
directional electrode constructing the first as well as the 
second filter tracks shall be defined by a weighting func- 
tion for giving desired filter characteristics and will not 
be limited hereto. 

[0095] In addition, the first to the third embodiments 
were described with two filter tracks, one being the first 
and the other being the second, but besides this , a sur- 
face acoustic wave filter with three or more filter tracks 
can give rise to a similar effect. Incidentally, in this case, 
the weighting functions for respective filter tracks will be 
different from each other, but the point that the overlap- 
ping width of each filter track is changed so that quantity 
of the amplitude characteristics of each filter track within 
the passband are adjusted, and flatness within the pass- 
band can be realized is the same as in the first to the 
third embodiments. 

[0096] Moreover, the unidirectional electrode of the 40 
present invention may be used in the surface acoustic 
wave filter having a single filter track and comprising one 
input IDT electrode and output IDT electrode respective- 
ly so as to give rise to a similar effect in terms of low 
insertion loss. 45 
[0097] Incidentally, the embodiment of the present in- 
vention was described with 37° rotating Y cut quartz 
substrate as the piezoelectric substrate, but besides 
this, other cut angles will do, and shall be selected so 
as to give an optimum temperature characteristics with so 
film thickness, metalization ratio and working tempera- 
ture range for an electrode. In particular, 28° to 42°is 
preferable. In addition, as the piezoelectric substrate, 
other piezoelectric substrates such as LiTa0 3 and 
Li 2 B 4 0 7 will give rise to a similar effect. 55 3. 

[0098] In addition, in the above described respective 
embodiments, the both of the input/output IDT elec- 
trodes were supposed to include the unidirectional eleC- 
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trodes, but besides this, a construction with either one 
of the input or output IDT electrodes includes the unidi- 
rectional electrode will work as well. 
[0099] As obvious from what has been described 
above, according to the present invention, a surface 
acoustic wave filter being compact, having wide pass- 
band and having steep attenuation characteristics in the 
vicinity of passband as well as a flat characteristics with- 
in the passband can be provided. 



Claims 

1 . A surface acoustic wave filter, comprising: 

a piezoelectric substrate; and 
at least two filter tracks having at least an input 
interdigital transducer electrode and an output 
interdigital transducer electrode provided on 
said piezoelectric substrate, 

wherein the respective input interdigital trans- 
ducer electrodes of said at least two filter tracks are 
brought into connection in parallel; 

the respective output interdigital transducer 
electrodes of said at least two filter tracks are 
brought into connection in parallel, and 
overlapping widths of electrode fingers of said 
input interdigital transducer electrode and out- 
put interdigital transducer electrode are differ- 
ent from each other for each of said at least two 
filter tracks. 

2. The surface acoustic wave filter according to claim 
1, 

wherein said filter tracks are two filter tracks 
of a first filter track and a second filter track, 

the input interdigital transducer electrodes of 
said first and second filter tracks are brought 
into connection in parallel, 
the output interdigital transducer electrodes of 
said first and second filter tracks are brought 
into connection in parallel, and 
overlapping width of the electrode fingers of the 
said input interdigital transducer electrode and 
output interdigital transducer electrode in said 
first filter track and overlapping width of the 
electrode fingers of the said input interdigital 
transducer electrode and output interdigital 
transducer electrode in said second filter track 
are different from each other. 



The surface acoustic wave filter according to claim 
2, wherein said first filter track and said second filter 
track have different weighting functions. 



10 



19 



EP1 189 346 A2 



20 



4. The surface acoustic wave filter according to claim 
2 or 3, wherein a phase relationship between said 
first filter track and said second filter track is sub- 
stantially in-phase within a passband, and is sub- 
stantially in opposite phase outside the passband, 5 
and center frequencies of said first and second filter 
tracks are substantially the same. 



5. The surface acoustic wave filter according to claim 

4, wherein said first filter track has a transmission 
characteristic of having two peaks within the pass- 
band, said second filter track has a transmission 
characteristic of having one peak within the pass- 
band; and an amplitude characteristic of said first 
filter track and said second filter track is that fre- '5 
quencies of values lower by substantially 3dB than 
a value of a maximum attenuation amount are sub- 
stantially the same. 

6. The surface acoustic wave filter according to claim 20 

5, wherein with the overlapping width of said first 
filter track being W1 and the overlapping width of 
said second filter track being W2, a relationship of 
0.8<W1 /W2<0.95 is fulfilled. 

25 

7. The surface acoustic wave filter according to any of 
claims 1 to 6, wherein at least one of said input in- 
terdigital transducer electrode and/or output inter- 
digital transducer electrode includes a unidirection- 
al electrode. 30 

8. The surface acoustic wave filter according to claim 
7, wherein said unidirectional electrode includes 
two kinds, that is, a first unidirectional electrode to 
intensify surface acoustic waves in a predetermined 35 
direction and a second unidirectional electrode to 
intensify surface acoustic waves in the direction op- 
posite to said predetermined direction. 



9. The surface acoustic wave filter according to any of 
claims 1 to 6, wherein parallel connection of said 
input interdigital transducer electrodes of said filter 
track is configured by connecting adjacent elec- 
trode fingers with each other, and 

parallel connection of said output interdigital 
transducer electrodes of said filter track is config- 
ured by connecting adjacent electrode fingers with 
each other . 

10. A surface acoustic wave filter, comprising: 

a piezoelectric substrate; and 
at least one filter track having an input interdig- 
ital transducer electrode and an output interdig- 
ital transducer electrode provided on said pie- 
zoelectric substrate, 

wherein said input interdigital transducer 



electrode and/or said output interdigital transducer 
electrode include a first unidirectional electrode to 
intensify surface acoustic waves in one direction 
and a second unidirectional electrode to intensify 
surface acoustic waves in the direction opposite to 
said one direction. 

11. The surface acoustic wave filter according to claim 

10, wherein said first and second unidirectional 
10 electrodes have four electrode fingers in one wave- 
length, 

said four electrode fingers have two electrode 
finger pairs, and 

said electrode finger pairs have electrode fin- 
gers having different widths, and an electrode 
width ratio (L2/L1) between a width (L2) of thick 
electrode finger and width (L1 ) of thin electrode 
finger is larger than 1 . 

12. The surface acoustic wave filter according to claim 

11 , wherein, in said electrode finger pair, 

with a distance between said thin electrode fin- 
ger and said thick electrode finger being y, 
with a distance between said thick electrode fin- 
ger and the left end of a region covering said 
input interdigital transducer electrode and/or 
said output interdigital transducer electrode 
sectioned by a ha If -wave length unit being a; 
and 

with a distance between said thin electrode fin- 
ger and the right end of a region covering said 
input interdigital transducer electrode and/or 
said output interdigital transducer electrode 
sectioned by a half -wavelength unit being p, re- 
lationships of t> a + p and a < p are given. 

13. The surface acoustic wave filter according to claim 
40 1 2, wherein said electrode width ratio (L2/L1 ) in said 

electrode finger pair falls within a range of 1.4< 
(L2/L1)<3.6. 

14. The surface acoustic wave filter according to claim 
45 11 1 wherein positions of said thin electrode finger 

and said thick electrode finger of said first unidirec- 
tional electrode are opposite from positions of said 
thin electrode finger and said thick electrode finger 
of said second unidirectional electrode. 

50 

15. The surface acoustic wave filter according to claim 
1 or 10, wherein said piezoelectric substrate is 28° 
to 42° rotating Y cut quartz substrate. 



55 16. A communication apparatus, comprising: 

the surface acoustic wave filter according to 
any of claims 1 to 15; 
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transmission means of carrying out transmis- 
sion; and 

reception means of carrying out reception. 
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Fig. 7 (a) 
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